Lung cancer is one of the most frequent malignant tumors, with the top morbidity and mortality, in China. Calpain family regulates cellular processes including migration and invasion. However, the role of Calpain-2 in non-small cell lung cancer (NSCLC) remains unclear. This study aims to explore the bio-function of Calpain-2 on NSCLC and chemoresistance to paclitaxel. In this study, Immunohistochemistry, RT-qPCR and Western blot were performed to detect the Calpain-2 expression and related pathway protein in NSCLC. The Kaplan-Meier product limit estimator and Cox regression were conducted for survival analysis. CCK-8, Transwell, colony-formation, apoptosis and tumor xenograft assays were performed to analyze tumor-promoting role of Calpain-2, and the chemoresistance to paclitaxel. Our data showed that Calpain-2 was up-regulated in NSCLC. Notably, Calpain-2 level positively correlated with differentiation grade and negatively correlated with the 5-year overall survival, which served as an independent prognostic predictor. Knockdown of Calpain-2 inhibited cell proliferation and migration, while promoted apoptosis in vitro. In vivo, Calpain-2-knockdowned cells formed smaller subcutaneous tumors. Meanwhile, knockdown of Calpain-2 down-regulated EGFR and pAKT expression, which weakened the chemoresistance of NSCLC cells to paclitaxel by suppressing cell proliferation and inducing apoptosis, and even enhanced the paclitaxel-mediated downregulation of EGFR and pAKT level. To conclude, Calpain-2 might activate EGFR/pAKT pathway to promote NSCLC progression and contributes to the chemoresistance to paclitaxel, which might be a therapeutic target to prevent or postpone the progression of NSCLC.
Introduction
Lung cancer is one of the most frequent malignant tumors all over the world. In China, lung cancer occupies the top morbidity and mortality presently. Non-small cell lung cancer (NSCLC) accounts for nearly 85% of all types of lung cancer [1] . Benefit from the wide use of targeted therapy, lung cancer patients' prognosis has been improved during the last ten years [2] . However, for the high tendency to recurrence and metastasis, together with the fact that targeted therapy might lead to drug-resistance with time, the 5-year survival rate of lung cancer patients still remains low [3] . Therefore, it is quite Ivyspring International Publisher urgent to discover novel deeper mechanism for the carcinogenesis and progression of lung cancer, which would contribute to the development of novel targeted therapy.
Calpains are a family of calcium-dependent intracellular cysteine proteases, among which μ-Calpain and m-Calpain are two most extensively studied members [4] . In the analysis of the structure, both μ-Calpain and m-Calpain were composed of distinct large catalytic subunits of 80 kDa, Calpain-1 and Calpain-2, respectively, and a small common regulatory subunit of 28 kDa encoded by Calpain-s1 (CAPN4) [5] . Calpains have been reported to regulate cellular processes including migration and invasion by cleaving cytoskeletal proteins [4] , which might contribute to the metastasis, even progression of malignant tumors. In our previous study, we have demonstrated that CAPN4 could promote NSCLC proliferation and invasion with the activation of matrix metalloproteinase 2 [6] . Considering multiple studies demonstrated that Calpain-2 is dysregulated in different tumors, including colorectal adenocarcinomas, glioblastoma, prostate cancer, renal cell carcinoma, etc [7] [8] [9] [10] , and no related study has been involved in NSCLC, we intend to explore whether Calpain-2 could make a difference in the carcinogenesis and progression of lung cancer. Furthermore, Calpain-2 has also been reported to weaken the response to platinum based chemotherapy in ovarian cancer [11] . Meanwhile, Calpain family participates in the paclitaxel-induced peripheral neuropathy [12] . Thus, we also tried to analyze the association between Calpain-2 and resistance to paclitaxel (PTX), another first-line chemotherapeutics for NSCLC.
In this study, we aimed to investigate the bio-functional and prognostic role of Calpain-2 in NSCLC tissues and cells. Our data demonstrated that Calpain-2 was up-regulated in NSCLC tissues, and high Calpain-2 level negatively associated with the 5-year survival of patients. We also revealed that Calpain-2 could promote NSCLC cells proliferation and migration, while inhibit apoptosis ability, even enhance the resistance to PTX possibly via EGFR-pAKT signaling pathway, which might provide a novel therapeutic strategy to prevent or postpone the progression of NSCLC.
Materials and Methods

Tissue microarray, immunohistochemistry and follow-up
Tissue microarrays and immunohistochemistry were performed as previously described [13] .The Calpain-2 antibody (Abcam 75994, Cambridge, UK) was used to detect Calpain-2 expression in tissue miscroarrays. Each section was semi-quantitatively analyzed for the extent of immunoreactions and staining intensity, with two experienced pathologists who were unclear of the content or the purpose of the study. The extent of immunoreactions was scored as: 0 (0% immunoreactive cells), 1 (1-10 % immunoreactive cells), 2 (11-50% immunoreactive cells) or 3 (>50% immunoreactive cells). The staining intensity was scored as: 0 (negative), 1 (weak, +), 2 (intermediate, ++), or 3 (strong, +++). The total immunoreaction score was calculated as the sum of both two factors above. All the samples were classified into negative (0), weak (1-2), moderate (3) (4) and strong (5-6) staining groups, respectively. For the purpose of statistical analysis, negative and weak cases were incorporated into the Calpain-2 low subgroup, and moderate and strong cases were incorporated into Calpain-2 high ones. Another six pairs of frozen human NSCLC tissues and matched para-cancerous tissues were obtained from six patients at Zhongshan Hospital in 2014. The para-cancerous tissues were the normal tissues within 3 cm of cancer tissue.
In this study, patients who received neo-adjuvant therapy were precluded in advance. Patients whose pTNM stage were over stage II received post-operative chemotherapy. Patients with mediastinal lymph node metastasis received post-operative radiotherapy. For the follow-up, each patient was required to take chest CT, abdominal ultrasonography and serum tumor markers every three month during the first year after surgery. Then, the follow-up period was extended to twice a year. At the each anniversary of surgery, Brain MRI and full body bone scan were applied. The follow-up was ended in July, 2010.The overall survival (OS) period was defined as the time span from the surgery date to the death date. The study has got the approval of the ethics committee on human research of Zhongshan Hospital, Fudan University.
Cell lines culture, transfection and Western blot assay
The human NSCLC cell line (A549, H1299, H1395, 95C and 95D) and human normal bronchiolar epithelium cell line (HBE) were purchased from the Chinese Academy of Sciences. A549, H1299, H13 95, 95C, 95D and HBE were cultured in RPMI-1640, and A549 was cultured in DMEM. Both two medium were supplemented with 10% fetal bovine serum and 100 IU/ml penicillin/streptomycin in a humidified incubator, under 95% air and 5% CO2 at 37℃.
Lipofectamine 2000 (Invitrogen, Carlsbad, USA) was applied for transient transfection. Predesigned siRNA duplexes were purchased from Genomeditech Company. The sequences of siRNA-Calpain-2-1 are 5'-CCGAGGAGGUUGAAAGUAA -3' (F) and 3'-GGCUCCUCCAACUUUCAUU-5' (R). The sequences of siRNA-Calpain-2-2 are 5'-CGAGAAUACUGGAA CAAUA-3' (F) and 3'-GCUCUUAUGACCUUGUUA U-5' (R). The sequences of siRNA-Calpain-2-3 are 5'-GCUCAGACACCUUCAUCAA' (F) and 3'-CGAG UCUGUGGAAGUAGUU-5' (R). The knockdown group was cells transfected with siRNA-Calpain-2 sequence. The normal control group was cells transfected with a non-targeted scramble sequence.
The transfection and Western blot assay were performed as previously described [13] . PTX-treated subgroups were culture in the medium added with 20nM PTX for 24 hours, following transfection for 24 hours. The protein extraction was performed at 48 hours after transfection. The Calpain-2 antibody (Abcam 75994, Cambridge, UK) was used to detect the Calpain-2 expression. And the other antibodies were listed in Table S1 .
RNA extraction and RT-qPCR analysis
The total RNA extraction and RT-qPCR analysis were performed as previously described [13] . The primers of Calpain-2 are 5'-CAGCCATTGCCTCCCT CAC-3' (F) and 5'-TCCACCCACTCGCCGTATT-3' (R). The primers of β-actin are 5'-TGACGTGGACATC CGCAAAG-3' (F) and 5'-CTGGAAGGTGGACAGCG AGG-3' (R).
CCK-8 assay and Transwell assay
CCK-8 assay was performed as previously described [14] . After transfection, the OD values were detected at certain time thereafter, respectively. For the analysis of PTX function, at 24 hours after transfection, cells were treated with PTX with different concentration for another 24 hours. And then the OD values were detected. Transwell assay was also performed as previously described [15] . Each experiment was repeated 3 times. The sensitivity of each type of cell to PTX was also evaluated with CCK-8, presented as the relative cell viability (%). The concentration of PTX at which 50% of cells survived presents the IC 50 value.
FACS analysis of apoptosis
Apoptosis assay was performed with Annexin V-FITC/PI Apoptosis Detection Kit (YEASEN, Shanghai, CN). At 48 hours after transfection, cells of each subgroup were collected and washed three times with PBS, then suspended in 100μl 1×binding buffer, added with the 5ul Annexin V-FITC and 10 Propidium Iodide (PI) incubated at room temperature for 15 minutes in the dark. The cells stained with Annexin V and PI were detected with flow cytometry on a FACScan (BD Biosciences, NJ, USA) in the corresponding procedures. For the analysis of PTX function, at 24 hours after transfection, cells were treated with 20nM PTX for another 24 hours and then collected for the analysis of apoptosis. Each experiment was repeated 3 times.
Tumor xenograft assay
Female 4-week-old female nude mice were obtained from Slaccas Company. Totally, 2×10 6 A549 cells of each group were injected subcutaneously into either side of mice posterior flank. 4 weeks later, the mice were executed and the size of tumors were measured by caliper for statistical analysis.
Statistical analysis
The SPSS 17.0 was applied for statistical analysis. The correlations between the expression of Calpain-2 and clinicopathological characteristics were analyzed by the Chi-square test. The OS curves were drawn with the Kaplan-Meier product limit estimator and analyzed with the log-rank test. The correlations between risk factors (related clinicopathological characteristics) and OS were conducted with univariate and multivariate Cox proportional-hazards regression. The risk factors (covariates) included gender, smoking status, differentiation, tumor size, lymph node metastasis, TNM stage and Calpain-2 expression level. The comparison of individual variables were performed with Student's t-test, Chi-square test, Fisher's exact test or Spearman coefficients to analyze the difference between each subgroup in the proper way. Two-tailed tests at p<0.05 were considered statistically significant.
Results
Calpain-2 expression was up-regulated in NSCLC cell lines and tissues
To explore the Calpain-2 expression in NSCLC and normal cell lines, we performed Western blot and RT-qPCR to analyze the expression difference. In mRNA expression level, Calpain-2 expression was up-regulated significantly in almost all NSCLC cell lines except 95C (Fig. 1A ). And in protein expression level, Calpain-2 expression in H1395, A549 and 95D was up-regulated compared with HBE (Fig. 1B) . Then, we detected Calpain-2 expression in NSCLC and para-cancerous tissues. As shown in Fig. 1C and 1D , Calpain-2 expression was up-regulated in NSCLC tissues compared with the corresponding paracancerous tissues in both protein and mRNA level. Thus, we could arrive at the conclusion that Calpain-2 expression was up-regulated in NSCLC cell lines and tissues and chose A549 and 95D for further investigation. Western blot assay and RT-qPCR were performed to detect the Calpain-2 expression in NSCLC tumors and corresponding para-cancerous tissues. "N" stands for "normal para-cancerous tissues" and "C" stands for "cancerous tissues". (ns: no significance, *p <0.05, **p <0.01, ***p < 0.001)
High expression of Calpain-2 was negatively associated with NSCLC patients prognosis
In a cohort of 208 NSCLC tissues and corresponding adjacent para-cancerous tissues, we performed IHC to detect Calpain-2 expression and tried to analyze the association between Calpain-2 and patients' clinicopathological characteristics. As shown in Fig. 2A , Calpain-2 was expressed mainly in the cytoplasm in cancerous tissues. According to the scoring standard described in the methods and materials, 105 patients were classified into Calpain-2 high subgroup and 103 patients were classified into Calpain-2 low subgroup. In the analysis of the association between clinicopathological characteristics and Calpain-2 level, the Chi-square test showed that high Calpain-2 level was positively correlated with differentiation grade significantly ( Table 1) (Fig. 2B) . In the analysis of OS, the survival curve demonstrated that high Calpain-2 expression correlated with shorter 5-year OS (p=0.035) (Fig. 2C) . In univariate analysis of the related factors associated with 5-year OS, lymph node metastasis (p<0.001), larger tumor size (p<0.001), higher tumor stage (p<0.001), and higher Calpain-2 level (p=0.001) were correlated with shorter 5-year OS. In multivariate analysis, Calpain-2 (p=0.043), together with tumor size (p=0.002), lymph node metastasis (p=0.001) and tumor stage (p=0.046) were identified as independent prognostic factors for 5-year OS (Table 2) .
Calpain-2 promotes the cell proliferation and migration of NSCLC in vitro
To investigate the bio-function of Calpain-2 on the cell proliferation and migration of NSCLC, we firstly applied 3 pairs of Calpain-2-siRNA sequences to knock down Calpain-2 expression and performed Western blot to test the effect of knockdown. As shown in Fig. S1, 3 pairs of Calpain-2-siRNA all down-regulated the Calpain-2 expression significantly, compared with the Mock and Control subgroups. We chose Calpain-2-siRNA-2 and Calpain-2-siRNA-3 at random for further study. Then, we performed CCK-8 and colony-formation assay and found that the proliferation ability of A549 and 95D cell lines were significantly inhibited by the down-regulation of Calpain-2 ( Fig. 3A and Fig. S2A ). In addition, compared with Control subgroups, the colonyformation assay showed that the numbers of colonies formed by A549 and 95D cell lines were both significantly decreased by down-regulation of Calpain-2 (Fig. 3B) . Next, we performed Transwell assay to explore the role of Calpain-2 in cancer cell migration. As shown in Fig. 3C and Fig. S2B , the migration capability of A549 and 95D cell lines control subgroups were greater than that of the Calpain-2 knock-down subgroups. These data indicated that Calpain-2 promotes the NSCLC cell proliferation and migration of NSCLC in vitro.
Calpain-2 inhibits the cell apoptosis of NSCLC in vitro and promotes the tumorigenesis of NSCLC in vivo
To explore whether Calpain-2 influenced the cell apoptosis of NSCLC, we performed Annexin V/ PI assay with FACS to detect the percentage of apoptosis in each subgroup. As shown in Fig. 3D and and Fig.  S2C , in both A549 and 95D cell lines, the percentages of apoptosis cell were increased after knock-down of Calpain-2, which indicated that Calpain-2 could inhibit the cell apoptosis of NSCLC in vitro. To investigate the role of Calpain-2 in tumorigenesis in vivo, we performed tumor xenograft assay and demonstrated that A549 Control subgroup could form significantly larger tumors than the Calpain-2 knock-down subgroup did, which indicated that Calpain-2 played a potential role in promoting cell tumorigenesis of NSCLC (Fig. 3E ).
Calpain-2 promotes the progression of NSCLC possibly through the activation of EGFR-pAKT signaling pathway
It has been reported that Calpain-2 could activate Akt in pulmonary artery smooth muscle cells [16] . We tried to explore whether similar mechanism existed in the role of Calpain-2 in promoting the progression of NSCLC. We performed Western blot assay to detect some classical signaling pathway gene, including EGFR and ERK which are related to AKT. As shown in Fig. 3F , after knock-down of Calpain-2, the pAKT and EGFR expression decreased, while the AKT, pEGFR, ERK and pERK showed no significant difference. Meanwhile, we detected some other classical signaling pathway related to tumor progression. The data showed that knock-down of Calpain-2 made no difference in the expression of EMT markers (E-cadherin and Vimentin) and MMP family (MMP-2 and MMP-9). We speculated that Calpain-2 might activate EGFR-pAKT signaling pathway to promote the progression of NSCLC.
Calpain-2 enhanced NSCLC cells resistance to PTX possibly via the activation EGFR.
EGFR has been reported to promote chemotherapy resistance, through the activation of multiple downstream pathways, including NF-kB, PI3K/Akt, etc. [17, 18] . Additionally, Calpain-2 has also been reported to be associated with response to platinum based chemotherapy in ovarian cancer [11] . Therefore, we speculated whether Calpain-2 could enhance NSCLC cells resistance to PTX possibly via the activation EGFR. We performed CCK-8 to detect the function of PTX on cell viability and found that A549 and 95D cells viability were reduced in a PTX-dose-dependent manner (Fig. 4A) . The IC50 value of A549 and 95D cells was 53.06±5.26 nM and 44.60±8.02 nM, respectively. Then, we knocked down Calpain-2 expression in both two cell lines to analyze the function of Calpain-2 PTX resistance by CCK-8. As shown in Fig. 4B , knock-down of Calpain-2 enhanced PTX-mediated suppression of A549 and 95D cells viability, most notably at lower doses of PTX (10-20nM). We further detect the apoptosis difference and found that knock-down of Calpain-2 increased PTX-mediated apoptosis of A549 and 95D cells (Fig.  4C ). These data above indicated that Calpain-2 could enhance NSCLC cells resistance to PTX.
To prove the mechanism under the phenomena, we performed Western blot to detect EGFR and other related gene expressional difference led by the treatment of siRNA-Calpain-2, PTX, or both of them. As shown in Fig. 4D , in both two cell lines, PTX treatment down-regulated Calpain-2, EGFR and pAKT protein level in the comparison of siRNAControl PTX(-) vs. siRNA-Control PTX(+) subgroups and siRNA-Calpain-2 PTX(-) vs. siRNA-Calpain-2 PTX(+) subgroups. And the subgroups treated with both knockdown of Calpain-2 and PTX decreased Calpain-2, EGFR and pAKT protein level most significantly compared with the other three subgroups. However, PTX treatment made no significant difference in the protein level of pEGFR, AKT, ERK and pERK between siRNA-Control PTX subgroup and siRNA-Calpain-2 PTX subgroup. Therefore, both knock-down of Calpain-2 and treat with PTX reduced levels of EGFR and pAKT and cell proliferation, but increased cell apoptosis. These results implied that Calpain-2 could enhance NSCLC cells resistance to PTX possibly via the activation EGFR-pAKT signaling pathway.
Discussion
The Calpain family has been studied in its role in cancer progression and response to therapy in different types of tumors [19] [20] [21] . However, the bio-function of Calpain-2 on NSCLC still remained unclear. In this study, we verified that Calpain-2 expression was up-regulated in NSCLC tissues and cell lines. Through the analysis of survival, we demonstrated that high Calpain-2 expression correlated with high differentiation grade and poor 5-year survival, serving as an independent prognostic predictor. In the study of bio-function of Calpain-2, the data showed that Calpain-2 promoted the cell proliferation and migration, while inhibited apoptosis ability of NSCLC, and enhance the resistance to PTX possibly via EGFR-pAKT signaling pathway. These results suggested that Calpain-2 might serve as a novel therapeutic target to prevent or postpone the progression of NSCLC. Calpain-2, as the large subunit of m-Calpain, has been reported to up-regulate in multiple tumors and play a crucial role in promoting cancer cells proliferation and migration, but inhibiting apoptosis ability. Li and colleagues demonstrated that silencing Calpain-2 could inhibit prostate cancer cells proliferation and migration [22] . In mammary carcinoma, Ho and colleagues also verified that depletion of Calpain-2 suppressed cells proliferation and migration [23] . By the use of Calpain inhibitor II, acute lymphoblastic leukemia and non-Hodgkin's lymphoma cells apoptosis could be triggered significantly [24] . Consistent to these results, our data showed that Calpain-2 was overexpressed in NSCLC, and knockdown of Calpain-2 could inhibit proliferation and migration, and promote apoptosis, which acted together to promote the progression of NSCLC.
To seek underlying mechanism under the bio-function of Calpain-2, Jang and colleagues proved that calpain-2 is required for glioblastoma cell invasion through the regulation of MMP2 [8] . Abeyrathna and colleagues demonstrated that Calpain-2 activates Akt via TGF-β1-mTORC2 pathway in pulmonary artery smooth muscle cells [16] . Similarly, Calpain-2 was also reported to mediate AKT/mTOR signal pathway in prostate cancer [22] . According to the accumulated data above, we tried to detect whether Calpain-2 could activated some classical signaling pathways, including: EMT (epithelial-mesenchymal transition), MMP, EGFR-AKT/ERK pathway. Our results showed that Calpain-2 could up-regulated pAKT and EGFR level, but made no significant difference in AKT, pEGFR, ERK and pERK level. Some other reports about EGFR-AKT signaling pathway also showed that downstream AKT activation was inhibited after decreasing total EGFR [25] . Phosphorylation is required for EGFR signaling. Mostly, phosphorylation of EGFR is also decreased when the total EGFR protein is decreased. However, knock-down of Calpain-2 didn't reduce pEGFR level at Y1068, one of the most frequent sites of EGFR phosphorylation. For possible reasons, as previously reported, there exists other phosphorylated sites in EGFR protein, such as Y992, Y1045, Y1148, Y1173, and even some unknown sites [26] . These sites may function under different conditions [27, 28] . In the regulation of Calpain-2, other sites rather than Y1068 may be involved in. Therefore, we speculated that Calpain-2 might activate EGFR-pAKT pathway to promote the progression of NSCLC. In addition to Calpain-2, CAPN4 has been proved to promote NSCLC through the activation of MMP-2 signaling pathway in our previous study [6] . Tan and colleagues have found that Calpain-1, the large catalytic subunit of μ-Calpain, could faciliate EMT in TGF-β1-treated lung cancer cells through the activation of PI3K/AKT signaling pathway [29] . In this study, the Western blot assay showed that the MMP-2, E-cadherin and Vimentin expression level showed no difference after knockdown of Calpain-2. Since the progression of tumor was a consequence of multiple risk factors [30] , the combination of Calpain-2 and CAPN4, function as m-Calpain, might produce synergies, together with μ-Calpain, through the activation of multiple signaling pathway, to facilitate the progression of NSCLC.
PTX is one of the most applied first-line chemotherapy options for NSCLC [31] . However, the therapeutic efficacy of PTX might be gradually hampered by chemotherapeutic resistance with the passage of time, which became a major adverse factor for patients' prognosis [32] . Mounting evidences proved that EGFR downstream pathways, including PI3K/Akt, STAT and the NF-κB signaling pathways are involved in the induction of chemoresistance [33] [34] [35] . Li and colleagues demonstrated that the down-regulation of membrane EGFR could be a potential anti-cancer way to enhance PTX treatment efficacy [36] . Therefore, we tried to explore whether Calpain-2 could enhance the chemoresistance of NSCLC cells to PTX through the activation of EGFR. Our data demonstrated that knockdown of Calpain-2 led to high tendency to apoptosis induced by PTX. And the treatment of PTX also decreased Calpain-2 expression level. Meanwhile, knockdown of Calpain-2 enhanced the paclitaxel-mediated downregulation of EGFR and its downstream pAKT level, which was in accordance to Li's results [36] and implied the stimulating role of Calpain-2 in the chemoresistance to PTX, through the activation of EGFR/pAKT signaling pathway.
In addition to the chemoresistance caused by Calpain-2 through the activation of EGFR signaling pathway, the tyrosine kinase inhibitor (TKI) has been extensively proved to be quite effective to the NSCLC patients with some types of EGFR mutation in clinical [37] . Despite this, it is inevitable to arouse the resistance to TKI with the long-term application of TKI. The T790M mutation has been proved to be one of the frequent factors leading to the resistance to TKI [38] . However, there still exists some mutation, including MET amplification, transformation to SCLC, PIK3CA mutations, even some unknown mutation lack of targeted-therapy, resulting in the failure of therapy [39] . Therefore, whether targeted inhibition of Calpain-2 could contribute to the TKI therapy for NSCLC might be a potential therapeutic strategy and needs further investigation, which is of high clinical value.
To summarize, we have demonstrated that Calpain-2 expression is up-regulated in NSCLC cell lines and tissues. Meanwhile, Calpain-2 serves as an independent prognostic factor. In bio-function, Calpain-2 plays a crucial role in promoting NSCLC cells proliferation and migration, but inhibiting apoptosis ability possibly via the activation of EGFR-pAKT signaling pathway, through which Calpain-2 could enhance the chemoresistance to PTX. Thus, Calpain-2 might offer a novel therapeutic strategy to prevent or postpone the progression of NSCLC.
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